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Introduction
This tdoc discusses design considerations for the following coverage enhancement objectives in the WID [2]:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots
Multi-Slot Encoding
A common solution to achieve a lower code rate for a multi-slot transmission is to encode transport blocks over multiple slots. This is especially useful for a larger TBS which are needed when large number of repetitions are used. For example, in [1] the increased code rate going from TBS=888 with 8 repeats to TBS=1800 with 16 repeats lead to a decline in performance. To determine the performance of multi-slot encoding, LLS simulations were conducted with different TBS, number of repetitions, and multi-slot encoding options. For a fair comparison, all results have a data rate of 100kbps. Note: doppler frequency was set at 2Hz and 4 PRB were used for all data points. Full simulation assumptions this paper can be found in Appendix A.
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Figure 1: LLS Results of Multi-Slot Encoding vs. no Multi-Slot Encoding at Fdop = 2Hz

As the graph clearly shows, there is no coverage gain between TBS=888 encoded over 1 slot and TBS=1780 encoded over >=2 slots at low mobility.  The gain between the black line (no multi-slot encoding, TBS 1780) and Green and Red lines (with multi-slot encoding) only occurs because the code rate improved but improving code rate can also be done by increasing the number of PRBs used for encoding (e.g. from 4 to 8). 
Either multi-slot Encoding or increasing number of PRBs for encode can improve the code rate when needed for larger TBS

The above results were simulated at a low UE speed. To show the performance of multi-slot encoding for higher UE speeds, the LLS simulations were conducted at different doppler frequencies (2Hz, 19Hz, 78Hz corresponding to UE speeds of 3km/h, 30km/h, 120km/h respectively at the carrier frequency of 700MHz). Note: The TBS has been adjusted to maintain data rates of 100kbps.
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Figure 2: LLS Simulation of No Multi-Slot Encoding vs. Multi-Slot Encoding for dop = 2, 19, 78Hz

Encoding over multiple slots with a higher TBS of 1780 results in a longer transmission time than no multi-slot encoding with a TBS of 888 (16ms vs. 8ms). This increased transmission time leads to improved time diversity which leads to marginal coverage gain at higher doppler frequencies. 
Multi-slot encoding provides no coverage gain for indoor and low mobility scenarios (e.g. 2Hz doppler).
Multi-slot encoding provides marginal coverage gain (e.g. 0.5dB) for high mobility scenarios (e.g. 19, 78Hz doppler) as a result of increased time diversity
Multi-Slot Encoding with Gaps
[bookmark: _Hlk61426229]As show above, as multi-slot encoding itself provides little gain for indoor scenarios. Due to inbuilding penetration loss, indoors is the most likely place to find coverage issue and is the hardest scenario to achieve good time diversity since there is usually little UE movement, resulting in a low doppler and large coherence times. As discussed in [1], adding gaps between repeats is a simple and effective way to increase time diversity. 
To see determine the gain that can be achieved using gaps, LLS were conducted for gap sizes of 9ms, 15ms, and 31ms and with 8 slots of transmission. 
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Fig 3: LLS results using, Fdop=2Hz, 8 slots

The above results indicate that adding gaps of 31ms can improve coverage by 1.5dB. To realize such a meaningful gain from increased time diversity, the transmission time should be about half of the coherence time. A 2Hz doppler has a coherence time of ~500ms thus to see meaningful gains a 250ms transmission time is required.  The gap of 31ms provides a transmission time of 32*8=256ms which is why it provides so much gain.  Note that similar time diversity and coverage gains would occur with a smaller gap of 15ms if the transmission time was 16 ms (e.g. TBs encoded over 4 slots , repeats=4).
Adding gaps between repeats can provide more than 1.5dB of coverage gain even for indoor/low dopplers scenarios

Multi-slot encoding can also achieve the desired time diversity but requires a extremely long continuous transmission (e.g. 256ms long). To determine the efficacy of multi-slot encoding with and without gaps, LLS were conducted. 
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Figure 4: LLS result of comparison of Multi-Slot Encoding with and without gaps

Figure 4 demonstrates that increasing time diversity through either multi-slot encoding with gaps or multi-slot encoding without gaps can provides similar performance. However, there are several advantages of multi-slot encoding with gaps over multi-slot encoding without gaps.

Smaller resources:  To achieve time diversity gains for multi-slot encoding without gaps (black line), the 256ms transmission was achieved by encoding over 64 slots with 4 repeats which required 256 slots of resources.  To achieve time diversity gains for multi-slot encoding with 15ms gaps (red line), the 256ms transmission was achieved by encoding over 4 slots with 4 repeats which required only 16 slots of resources – 16X less.
To provide adequate time diversity for indoor scenarios, multi-slot encoding with gaps up to 15ms requires significantly less (e.g. <16 X less) resources than multi-slot encoding without gaps  

Support small TBS:  To achieve time diversity gains for multi-slot encoding without gaps (black line), the 256ms transmission requires a TBS=28480 bits to achieve 100kbps.  To achieve time diversity gains for multi-slot encoding with 16ms gaps (red line), the 256ms transmission required a TBS=1780 to achieve 100kbps (this assumes 15 other TBS of 1780 are schedule in the gaps). multi-slot encoding with gaps can provide time diversity for small TBS in a spectrally efficient way where multi-slot encoding without gaps cannot. This is important when lower data rates for eMBB are needed and is especially important for the VoIP use case where small TBS like 320 bits are often required.
To provide adequate time diversity for indoor scenarios, multi-slot encoding with gaps up to 15ms can support significantly smaller TBS (e.g. 16 X smaller)  than multi-slot encoding with gaps. 

Scheduling flexibility:  As mentioned, to achieve time diversity gains for multi-slot encoding without gaps, the 256ms transmission requires 256 continuous slots of resources where multi-slot encoding with gaps requires only 16 slots of non-contiguous resources.   Allowing the gaps to be filled with TBs for other users improves the gNB’s scheduling flexibility which will result in lower latency for other users and improved capacity.  Also, in general, scheduling around smaller resource allocations is easier than larger ones. 
Multi-slot encoding with gaps provides better scheduling flexibility than multi-slot encoding without gaps. 

Given the above observations, the following proposal is made:
Multi-slot encoding with gaps between repeats shall be specified. 
FFS: sizes of gaps

Maximum number of slots to encode over
The maximum number of slots to encode over is an open issue with many facets to consider.

Transmission size:   
The transmission size is a function of both the maximum number of repeats and maximum number of slots to encode over. As discussed in [3], there are many reasons why the maximum number of slots of a transmission should be limited to 32ms:
TR 38.830[4] gave guidance as a conclusion that repeats should be increased up to 32.
For a data rate of >=100kbps (eMBB), increasing slots of transmission beyond 8 does not provide any coverage gain
For FR1 TDD VoIP with 100ms latency, the maximum number of slots that can be used is 24. 
For FDD VoIP with 100ms latency, HARQ can be effectively used to transmit more slots when needed .
The SID[5] states “LPWA services are not included” thus limiting the maximum number of slots of transmission.
The last reason being the most important – it is outside the scope of this WI. 

Complexity:
All the LLS results in this paper have shown that multi-slot encoding is a not a necessary technique. The issue of high coding rate can also be circumvented either by appropriate TB sizing or by using more PRBs. Though gain can be achieved through additional time diversity using multi-slot encoding, the same time diversity gains can be realized by using gaps in a much simpler and more efficient manner. Thus although support for Multi-Slot Encoding should be added, the very minimum amount is all that is necessary.
Multi-slot encoding should be specified with a maximum of 2 slots of encoding.

Conclusions
1. Either multi-slot encoding or increasing number of PRBs for encoding can improve the code rate when needed for larger TBS
Multi-slot encoding provides no coverage gain for indoor and low mobility scenarios (e.g. 2Hz doppler).
Multi-slot encoding provides marginal coverage gain (e.g. 0.5dB) for high mobility scenarios (e.g. 19, 78Hz doppler) as a result of increased time diversity
Adding gaps between repeats can provide more than 1.5dB of coverage gain even for indoor/low dopplers scenarios
To provide adequate time diversity for indoor scenarios, multi-slot encoding with gaps up to 15ms requires significantly less (e.g. <16 X less) resources than multi-slot encoding without gaps  
To provide adequate time diversity for indoor scenarios, multi-slot encoding with gaps up to 15ms can support significantly smaller TBS (e.g. 16 X smaller)  than multi-slot encoding with gaps. 
Multi-slot encoding with gaps provides better scheduling flexibility than multi-slot encoding without gaps. 
1. Specify support for multi-slot encoding with gaps. 
FFS: sizes of gaps
Multi-slot encoding should be specified with a maximum of 2 slots of encoding.
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	UE Speed
	As specified

	Bandwidth Part 
	20 MHz

	Configuration 
	FDD

	Carrier frequency
	700MHz

	RX Antenna ports
	2

	Channel model
	TDL-C 300ns

	Number of PRBs
	4

	UE Speed
	3, 30,100 km/H
As specified

	Carrier Frequency Offset
	None

	Channel Estimation
	Perfect

	Frequency Hopping
	Disabled

	Frequency Averaging Window
	3 PRBs

	DMRS Configuration
	2 DMRS per slot

	Transform Pre-coding
	Yes

	SCS
	15 kHz

	Modulation
	QPSK

	TBS
	As specified

	Repeats 
	As specified

	HARQ
	Disabled

	iBLER Target
	10%

	Gaps
	0,9, 15, 31ms
As specified

	Multi- Slots encoding 
	1,2,4
As specified
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Encoded over 1 slot, 16 repeats, TBS = 1780

Encoded over 1 slot, 8 repeats, TBS = 888

Encoded over 4 slots, 4 repeats, TBS = 1780

Encoded over 2 slots, 8 repeats, TBS = 1780
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UE = 3km/h, No MS, 8 repeats, TBS = 888 bits

UE = 3km/h, MS over 4 slots, 4 repeats, TBS = 1780 bits

UE = 30km/h, No MS, 8 repeats, TBS = 888 bits

UE = 30km/h, MS over 4 slots, 4 repeats, TBS = 1780 bits

UE = 100km/h, No MS, 8 repeats, TBS = 888 bits

UE = 100km/h, MS over 4 slots, 4 repeats, TBS = 1780 bits
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Encoded over 4 slots, 4 repeats, no gap, TBS = 1780

Encoded over 64 slots, 4 repeats, no gap, TBS=28480

Encoded over 4 slots, 4 repeats, Gap = 15ms, TBS = 1780


